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area defines a first acoustic gap, hU„ and an exposed bottom portion of the mesa situated 
between said resonator and said resonator area defines a second acoustic gap, i^W, 

said top electrode and said bottom electrode, being acoustically coupled and controlled by 
said first and second acoustic gaps, generate an electro-magnetic field between said electrodes 
5 causing an excitation voltage within a vibrating area of said resonator plate, that generates an 
acoustic energy within said resonator plate; and 

said resonator having a resonator fi-equency determined by said resonator thickness 
dimension, U, said resonator area provides an active element trapping said acoustic energy, 
causing said acoustic energy to be confined to said resonator area to minimize a leakage of said 
1 0 acoustic energy and provide a high Q factor at 3GHz. 

2. (Original) The double-sided electrode-fi-ee resonator device, as recited in claim 1, 
fiirther comprising said top electrode having an electrode length, b, and an electrode width, W2. 

15 3. (Original) The double-sided electrode-fi-ee resonator device, as recited in claim 2, 

fiirther comprising said resonator having a resonator length, h, and a resonator width, W3. 

4. (Original) The double-sided electrode-firee resonator device, as recited in claim 3, 
fiirther comprising said bottom electrode being configured the same as said top electrode. 

20 

5. (Original) The double-sided electrode-fi-ee resonator device, as recited in claim 4, 
fiirther comprising said bottom electrode having said electrode length, b, and said electrode 
width, W2. , 

25 6. (Original) The double-sided electrode-free resonator device, as recited in claim 5, 

fiirther comprising said electrode length b being greater than said resonator length I3. 

7. (Original) The double-sided electrode-free resonator device, as recited in claim 6, 
fiirther comprising said electrode width W2 being greater than said resonator width W3. 
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8 (Original) The double-sided electrode-free resonator device, as recited in claim 7, 
further comprising adjusting said resonator thickness dimension, ts. to vary said resonator 
frequency. 

9. (Original) The double-sided electrode-free resonator device, as recited in claim 8. 
fiirther comprising fabricating said resonator plate with an etching process. 

10. (Original) The double-sided electrode-free resonator device, as recited in claim 9, 
1 0 fiirther comprising said resonator plate being composed of quartz. 

11. (Original) The double-sided electrode-free resonator device, as recited in claim 10, 
wherein said resonator plate is a quartz crystal. 
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12. (Currently Amended) A single-sided electrode-free resonator device, comprising: 
ingle-sided monolithic mesa resonator plate with a top surface, a well, a mesa and a 



asm; 



bottom surface; 

a top electrode, being deposited on said top surface, extends into said well surrounding 
saidmesa, allowing said mesa to protnxde upwards, and provide an electrode-free resonator area; 

2 0 a resonator is provided in said resonator area, said resonator having a resonator thickness 

dimension, tj, measured from said resonator to said bottom surface; 

a bottom electrode, having a narrow portion and a wide portion, is deposited on said 

bottom surface; 

an exposed portion of the mesa situated between said resonator and said resonator area 

2 5 defines an acoustic gap, hW, 

said top electrode and said bottom electrode, being acoustically coupled and controlled by 
said acoustic gap, generate an electro-magnetic field between said electrodes causing an 
excitation voltage within a vibrating area of said resonator plate, that generates an acoustic 
energy within said resonator plate; and 
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said resonator havmg a resonator frequency determined by said resonator thickness 
dimension, t. said resonator area provides an active element trapping said acoustic energy, 
causing said acoustic energy to be confined to said resonator area to minimize a leakage of said 
acoustic energy and provide a high Q factor at 3GHz. 

13 (Original) The single-sided electrode-free resonator device, as recited in claim 12, 
further comprising said top electrode having an electrode length, h, and an electrode width, w.. 

14. (Original) The single-sided electrode-free resonator device, as recited in claim 13, 
10 further comprising said resonator having a resonator length, I3, and a resonator width, W3. - 

15. (Original) The single-sided elecfrode-free resonator device, as recited in claim 14, 
further comprising said bottom electrode having said elecfrode length, h, and said electrode 
width, W2. 

16. (Original) The single-sided electrode-free resonator device, as recited in claim 15, 
forther comprising said electrode length k being greater than said resonator length h. 

17. (Original) The single-sided electrode-free resonator device, as recited in claim 16, 
2 0 further comprising said elecfrode width m being greater than said resonator width W3. 

18. (Original) The single-sided electrode-free resonator device, as recited in claim 17, 
further comprising adjusting said resonator thickness dimension, ta, to vary said resonator 
frequency. 

25 

19. (Original) The single-sided elecfrode-free resonator device, as recited m claim 18, 
fiirther comprising fabricating said resonator plate with an etching process. 

20. (Original) The single-sided electrode-free resonator device, as recited in claim 19, 
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further comprising said resonator plate being composed of quartz. 

21 . (Original) m single-sided electrode-free resonator device, as reci 
wherein said resonator plate is a quartz crystal. 

22 (Original) A double-sided electrode-free filter device, comprising: 
adouble-.dedmesaresonatorplatewithatopsurface,atopwelUpluralityofmesas,a 

bottom well and a bottom surface; j « 

a .op electtoae. being deposited on said .op surface and having a .op na^w porUon and a 
. 0 «,p wide portion, extends inU, said «,p well su^^ding said pluraliiy of mesas, allowing sa,d 
oluraUty of mesas to protrude upwards; 

a bonom electrode, being deposited on said bottom surface and having a bottom narrow 
portion and a bottom wide portion, extends into said bo.«>m well s»ro.mding s^d pluralrty of 

mesas, allowing said ptaali.y of mesas to protrude downwards; 
15 saidpluralityofmesasprovidinganelecti™ie-&eeresonatorarea; 

apluraUtyoffiltersareprovidedoneachofsaidplurahtyofmesasandareseparatedbya 

resonator gap. .„ each otsaidplurality of filters havinga top filter portion, abc- flU.po«,on 
^areso«.torMcknessd,mensioM„ measured fton, said top filter portiontosatdbonom filter 

portion; . , 

2 0 an exposed top portion of each of plurali^r of mesas simated be^^een each of sard 

plurality of filters and said resonator area defines a top acoustic gap. U, and an exposed bottom 
portion of eachofthepluralityofmesassituat^ibetweeneachof said filters and saidresonator 

area defines a bottom acoustic gap, U; 

■ said top electrode >M said bottom electrode, being acoustically coupled and controlled by 
2 S said .op and bottom acoustic gaps, U. genera.e an electro-ma^etic field be^veen said electtodes, 
causing^exci^tion voltage withinavibratingarea of saidresonatorplate that generates an 

acoustic energy witiiin said resona.orpla.e-, and . 
each of said pluralilyoffil^shavingaresonator frequency determined by sard resonator 

thickness dimension, t^saidresonatorareaprovidesanactive element trappingsaidacoustrc 
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energy, causing said acoustic energy to be confined to said resonator area to minimize a leakage 
of said acoustic energy and provide a high Q factor at 3GHz. 

23. (Original) The double-sided electrode-free filter device, as recited in claim 22, fiirther 
5 comprising said top electrode having an electrode length, h, and an electrode width, w?. 

24. (Original) The double-sided electrode-free filter device, as recited in claim 23, fiirther 
comprising said plurality of filters having a resonator length, h, and a resonator width, W3. 
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25. (Original) The double-sided electrode-free filter device, as recited in claim 24, fiirther 
comprising said bottom electrode having said electrode length, I2, and said electrode width, W2. 

26. (Original) The dbuble-sided electrode-free filter device, as recited in claim 25, fiirther 
comprising said electrode length h being greater than said resonator length I3. 

27. (Original) The double-sided elecfrode-free filter device, as recited in claim 26, fiirther 
comprising said electrode width m being greater than said resonator width W3. 

28. (Original) The double-sided electrode-free filter device, as recited in claim 27, fiirther 
2 0 comprising adjusting said resonator thickness dimension, t3, to vary said resonator frequency. 

29. (Original) The double-sided electrode-free filter device, as recited in claim 28, 
wherein said plurality of filters is two filters. 

2 5 30. (Original) The double-sided electrode-free filter device, as recited in claim 29, fiulher 

comprising fabricating said resonator plate with an etching process. 

31. (Original) The double-sided electrode-free filter device, as recited in claim 30, fiirther 
comprising said resonator plate being composed of quartz. 
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32. (Original) The double-sided electrode-free filter device, as recited in claim 31. 
wherein said resonator plate is a quartz crystal. 

33. (Original) A single-sided electrode-free filter device, comprising: 

a single-sided monolithic mesa resonator plate with a top surface, a well, a plurality of 

mesas and a bottom surface; 

a top electrode, being deposited on said top surface, extends into said well surrounding 
said plurality of mesas, allowing said plurality of mesas to protrude upwards, and provide an 

elecfrode-free resonator area; 

a plurality of filters are provided on each of said plurality of mesas and are separated by a 

resonator gap, h; 

each of said plurality of filters having a resonator thickness dimension, U, measured from 
said plurality of filters to said bottom surface; 

a bottom electrode, having a narrow portion and a wide portion, is deposited on said 

bottom surface; 

an exposed portion of each of said plurality of mesas being situated between said plurality 
of filters and said resonator area define an acoustic gap, U; 

said top electrode and said bottom electrode, being acoustically coupled and controlled by 
said acoustic gap, U, generate an electro-magnetic field between said electrodes, causing an 
excitation voltage within a vibrating area of said resonator plate that generates an acoustic energy 

within said resonator plate; and 

each of said plurality of filters having a resonator frequency determined by said resonator 
thickness dimension, U, said resonator area provides an active element trapping said acoustic 
energy, causing said acoustic energy to be confined to said resonator area to minimize a leakage 
of said acoustic energy and provide a high Q factor at 3GHz. 

34. (Original) The single-sided electrode-free filter device, as recited in claim 33, fiirther 
comprising said top electrode having an electirode length, h, and an electrode width, W2. 
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35. (Original) The single-sided electrode-free filter device, as recited in claim 34, fiirther 
comprising said plurality of filters having a resonator length, b, and a resonator width, W3. 

36. (Original) The single-sided electrode-free filter device, as recited in claim 35, further 
comprising said bottom electrode having said electrode length, b, and said electrode width, W2. 

37. (Original) The single-sided electrode-free filter device, as recited in claim 36, fiirther 
comprising said electrode length b being greater than said resonator length b. 

38. (Original) The single-sided electrode-free filter device, as recited in claim 37, fiirther 
comprising said electrode width W2 being greater than said resonator width W3. 

39. (Original) The single-sided electrode-free filter device, as recited in claim 38, fiirther 
1 5 comprising adjusting said resonator thickness dimension, t3, to vary said resonator frequency. 

40. (Original) The single-sided electrode-free filter device, as recited in claim 39, 
wherein said plurality of filters is two filtors. 

20 41 . (Original) The single-sided electrode-free filter device, as recited in claim 40, fiirther 

comprising fabricating said resonator plate with an etching process. 

42. (Original) The single-sided electrode-free filter device, as recited in claim 41, fiirther 
comprising said resonator plate being composed of quartz. 
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43. (Original) The single-sided elecfrode-free filter device, as recited in claim 42, 
wherein said resonator plate is a quartz crystal. 

44. (Original) A MEMS electrode-free ring electrode resonator, comprising: 
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a double-sided mesa resonator plate with a top surface, a top opening, a mesa, a bottom 

surface and a bottom opening; 

a top ring electrode is disposed in said top opening, said top opening, said top ring 
electrode and said mesa being circular and concentrically aligned on said top surface, said top 
5 opening encircles said mesa, allowing said mesa to protrude upwards; 

a top acoustic gap, li , separates said top ring electrode said mesa; 

a bottom ring electrode is disposed in said bottom opening, said bottom opening, said 
bottom ring electrode and said mesa being circular and concentrically aligned on said bottom 
surface, said bottom opening encircles said mesa, allowing said mesa to protrude downwards; 
10 a bottom acoustic gap, li, separates said bottom ring electrode said mesa; 

said mesa defines a central electrode-free resonator area; 

a resonator is located in said central resonator area, said central resonator area having a 
top resonator portion, a bottom resonator portion and a central resonator area thickness 
dimension, ts, measured from said top resonator portion to said bottom resonator portion; 
1 5 said central resonator area thickness dimension, ts, being greater than a plate thickness 

dimension, tr, 

said top ring electrode and said bottom ring electrode, being acoustically coupled and 
controlled by said top and bottom acoustic gaps, generate an electro-magnetic field between said 
electrodes causing an excitation voltage within a vibrating area of said mesa resonator plate that 
2 0 generates an acoustic energy within said mesa resonator plate; and 

said resonator having a resonator frequency determined by said central resonator area 
thickness dimension, ts, said central resonator area provides an active element trapping said 
acoustic energy, causing said acoustic energy to be confined to said central resonator area to 
ize a leakage of said acoustic energy and provide a high Q factor at 3GHz. 
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rmmmize : 



45. (Original) The MEMS electrode-free ring electrode resonator, as recited in claim 44, 
fiirther comprising said top electrode having an electrode diameter, di, and an electrode width. 



Wl. 
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46. (Original) The MEMS electrode-free ring electrode resonator, as recited in claim 45, 
further comprising said central resonator area having a central resonator area diameter, ds, and 
said central resonator thickness, ts. 

47. (Original) The MEMS electrode-free ring electrode resonator, as recited in claim 46, 
further comprising said bottom ring electrode being configured the same as said top ring 
electrode. 

48. (Original) The MEMS electrode-free ring electrode resonator, as recited in claim 47, 
further comprising said bottom ring electrode having said elecfrode diameter, d2, and said 
electrode width, wi. 

49. (Original) The MEMS electrode-free ring electrode resonator, as recited in claim 48, 
further comprising adjusting said cenfral resonator area thickness dimension, ts, to vary said 
resonator frequency. 

50. (Original) The MEMS elecfrode-free ring electrode resonator, as recited in claim 49, 
fiulher comprising fabricating said mesa resonator plate with an etching process. 

5 1 . (Original) The MEMS electrode-free ring elecfrode resonator, as recited in claim 50, 
fiirther comprising, said resonator plate being composed of quartz. 

52. (Original) The MEMS elecfrode-free ring elecfrode resonator, as recited in claim 51, 
wherein said resonator plate is a quartz crystal. 

53. (Original) The MEMS electrode-free ring elecfrode resonator, as recited in claim 55, 
fiuther comprising, said double-sided mesa resonator plate being rectangular. 



- 10 - 



54. (Original) The MEMS electrode-free ring electrode resonator, as recited in claim 53, 
further comprising, said double-sided mesa resonator plate being square. 



- 11 - 



